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ABSTRACT 


Three species of Korean sticklebacks family Gasterosteidae were reviewed based on the 
specimens of several populations for the study of their morphological variations and tax- 
onomical positions. All specimens of Gasterosteus aculeatus observed have a complete row 
of lateral plates ranging from thirty-two to thirty-five in number. The low-plate morph regarded 
as landlocked type is virtually absent. And no difference was recognized among six popula- 
tions of G. aculeatus in the meristic characters, i.e. number of vertebrae, gill rakers and fin 
rays. The Pungitius sinensis and P. kaibarae ssp. shown local variations have scutes rang- 
ing from 31 to 35, but not clinal in the morphometric characters. But P. sinensis was statistical- 
ly different from P. kaibarae ssp. in some characters such as the number of dorsal spine 
rays and vertebrae, and body depth, although their ranges overlapped. No significant tax- 
onomic difference was detected between white form and black form in dorsal spinous mem- 
brane of P. kaibarae ssp. Although these three species of Korean sticklebacks have the same 
diploid chromosome number (2N = 42), G. aculeatus is obviously different from the two species 
of genus Pungitius in their karyotype: G. aculeatus consists of six metacentrics, six 
submetacentrics, and thirty subtelo-acrocentrics, and both P. sinensis and P. kaibarae ssp. 
have four metacentrics, six submetacentrics, and thirty-four subtelo-acrocentrics. 
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Fig. 1. Collecting localities of the species of the family Gasterosteidae in Korea. A: G. aculeatus, O: P. sinensis, @: 


P. kaibarae ssp. 
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ZINAA Ol FFAS BUT OFA AA GES] AAs PAG SAUTE ANA 
e] 54 79] ERE (Wooton, 1976), al #52 Suv A52 dus abaka] E 
o] F5] cxsjepdi- TANAH NFA Pas} 85] AG BS X vb AG 
(Hagen and McPhail, 1970 ` Reimchen, 1983 ` Reimchen and Nelson, 1987 ; Mori, 1987a, b ; 
ryt, 1984), xe 27/4) 517) G. aculeatus} LAHAJA x*s3peiabal FA, 2s, 
AA  $7]e] Saeco HA F(Mori, 1952), R1977) e| FA $$ 9] 497 
e] HY AY, colo] Bet 7] &-£ SS PAN x Re] Molo] We PAT op a 
c aga Layag YAH ANA 474127) P. pungitius kaibarae7k SAAD (GR - Al 
HI, 1934; #6, 1977), al k89] Hk HA GHANA AAE YA sus wx) 
ai Sal HHA NGYN BAAL (HH, 1987 B+ £5, 1988), Gat 
7LA]3:7] P. sinensis} 47^] x7] P. s. kaibarae9] SS PHYS TAP NAA NA 
MI zb KATHA, DY B Arle AL G. aculeatus BAA Wels} abr 
Ab Pungitius AFA HANE 9b EL] da BAS DY] NAGA zoue we 4 
H oki Ho] YY TINDI NFA WE x RE vse Eg KAG NAY 
HY Ho] xtspoj 2] 3}a ch, 


AN Sa PG 


SPA, du LAA, qa a 
E AAHH, "mo R oat 4 WAY 19888» 19849 39» 49e] A 
4] 349 si (Fig. D, P. sinensis) RE E Ap, LA FA BR dä JPANA ds 
969.9] P. kaibarae ssp. = TA SRA, NG KA, BS PAA, AF SAU ad YA 
zgo AAA (Fig. 1; Table 1). AAS FA (YS 0.5em X0.5em) A} FF (1.0em X 1.0 
om)-& 12AT, edad AAS NG x RR AMM ot E 10% formaling oA 2183 
Ar, 299 442 1/20mm daialcaliper& 84 Ad, FA, AHAAA el, 
HAL HOA OF FYT, c]mzlvlzbApbT, 98x, MASUR, ATS Al Fab 
Nor, ABLE soft x-ray (Hitex 80, Hittachi, Japan) & F#4 H AF AA, P. 
sinensis?k P. kaibarae ssp.9] AATE alizarin red SE AYY HAN ALE FAN 
th, sb Sia. TA] NGA via, BK, 1986) a] 4} metacentrics, submetacentrics 
4 acrocentrics22 T24 idiogram& FAFA. 
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Gasterosteus aculeatus ` &&7b^]x7]9] BAL FA ASAE NAG, FLAT, 3 
BES, MAT, 192 ate Het Ges], ese) ad dzee ARA NA d 
€, 2A, 24, aka Bed, daa 6A Ato YAH KA s 2 Ae Table 2 
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Table 1. Sampling localities, date and number of specimens in the three species of genera Gasterosteus and Pungitius 


collected from 1979 to 1989. Arabic numerals in parentheses indicate number of white form individuals. 


Species and localities Standard No. of specimens 
Date 
length 
(River or reservior) (mm) collected 
Gasterosteus aculeatus 
Okchon-dong, Karung-si, Kangwon-do May 2, 1988 62.3--74.3 18 
(Namdaechon R.) 
Okgae-up, Myongju-gun, Kangwon-do May 3, 1988 61.9—81.9 35 
(Jusoochon R.) 
Yongdok-up, Yongdok-gun, Kyongsangbuk-do Apr. 6, 1984 57.8--75.1 25 
(Osipchon R.) 
Changan-myon, Yangsan-gun, Kyongsangnam-do Mar. 24, 1989 61.9—83.9 30 
(Joachon R.) 
Chinwol-myon, Kwangyang-gun, Chollanam-do Mar. 31, 1989 64.8—83.0 30 
(Somjin R.) 
Samho-myon, Yongam-gun, Chollanam-do Mar. 25, 1988 60.2—71.6 33 
(Yongsan R.) 
Pungitius kaibarae ssp. 
Kansong-up, Kosong-gun, Kangwon-do May 2,1988 39.1—54.4 80 
(Buckchon R.) Oct. 1, 1988 27.9—46.9 213(37) 
Oct. 21, 1988 27.4—46.0 314( 2) 
Nov. 5, 1988 31.9—48.4 209 
Jan. 10, 1989 29.1—42.4 80 
Fab. 17, 1989 30.3—46.1 48 
Apr. 5, 1989 30.3—47.6 60 
May 19, 1989 35.8—51.2 130 
Okchon-dong, Kangrung-si, Kangwon-do May 3, 1989 45.4—55.1 14 
(Namdaechon R.) Aug. 29, 1988 31.5—55.1 24 
Oct. 2,1988 27.2—45.4 9 
May 20, 1989 34.6—46.8 110 
Jul. 6, 1989 25.9—42.8 55 
Hyonnae-myon, Kosong-gun, Kangwon-do Jul 8,1979 32.7—57.2 3 
(Songhyon R.) 
Yul-dong, Kyongju-si, Kyongsangbuk-do dun. 2, 1984 40.9—47.7 13 
(Hyongsan R.) 
Imgo-myon, Yongchon-gun, Kyongsangbuk-do Apr. 5, 1989 29.3—46.5 70 
(Nakdong R.) 
Pungitius sinensis 
Okgae-up, Myongju-gun, Kangwon-do May 3, 1988 44.2—62.7 14 
(Jusoochon R.) Oct. 2,1988 34.9—46.8 268 
Nov. 6, 1988 34.6—47.1 209 
Jan. 10, 1989 40.0—52.4 52 
Feb. 6, 1989 39.8—52.8 66 
Apr. 6, 1989 42.5—53.2 96 
May 20, 1989 41.3--61.8 55 
Ssangchon-dong, Sokcho-si, Kangwon-do Apr. 5, 1989 47.4—50.0 3 
(Ssangchon R.) 
Urim-dong, Chechon-si, Chungchongbuk-do Jul. 5,1988 32.7—52.7 14 
(Uirim Reservior) May 21, 1989 15.6—55.9 12 
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Table 2. Comparison of selected morphometric and meristic characters of 6 populations of Gasterosteus aculeatus 


in Korea. Data show range with mean + SD in parantheses. Romanic numerals indicate number of spinous fin ray. 


Localities 

Kangrung Okgae Yongduk Yangsan Kwangyang ` Yongnam 
Characters (n=18) (n= 35) (n=25) (n=30) (n=30) (n=33) 
No. of dorsal fin rays HI 13-14 III 13-14 III 13-14 Ill 12-14 III 12-14 III 12-14 
No. of anal fin rays [9-11 19-11 I 10-11 1 9-11 19-11 I 10-11(12) 
No. of lateral plates 33-34 32-34 32-34 32-35 32-35 32-35 

(33.5£0.5) (33.1404) (328406) (34141.1) (33.5+0.9) (33.3407) 
No. of vertebrae 30-33 31-33 32-33 31-33 30-33 31-33 

(31.840.7) (32.2+0.5) (32.2404) (31.1406) (31.9406)  (32.3+0.6) 
No. of gill rakers 23-26 24-26 23-25 23-27 23-26 23-25 
SL “head length 3.1-3.6 2.9-3.9 3.0-3.7 3.1-3.6 3.0-3.7 3.1-3.6 


(3.3+0.2) (3.4+0.2) (3.3+0.2) (3.3+0.1) (3.4+0.2) (3.3+0.2) 
SL/dorsal spine length 7.9-11.0 8.0-12.8 8.4-11.5 7.4-10.8 7.1-10.7 7.9-11.0 

(9.2+0.9) (9.9+1.0) (9.8+1.0) (9.4+1.0) (9.4+0.8) (9.4+ 1.0) 
SL/eye diameter 12.0-14.4 12.7-15.5 12.1-14.4 12.1-14.4 12.0-14.5 12.5-14.9 

(13.1x0.8) (14.140.9) (13.4+0.8) (13.107) (13.340.8) (13.9+0.6) 


* Standard length 


Standard length / head length Standard length/dorsal spine length 
2.8 3.0 3.2 3.4 3.6 3.8 6 7 8 9 10 11 12 13 
Kangreung: 
male (13) a —— Pa 
female (4) = HA 
Okgae: 
male (12) a -mim— 
female (23) = ba 
Yongdok: 
male (16) — —— = 
female ( 9) AA” ep 
Yangsan: 
male ( 7) Bases ees 
female ( 8) = eka- 


Fig. 2. There is a sexual dimorphism in head length and dorsal spine length of 4 populations of Gasterosteus aculeatus 
in Korea. Solid rectangles indicate male and hollow rectangle, female. In each samples, the vertical bars indicate 
mean of sample; the rectangles, 1 SD on each side of the mean; and the horizontal bars, range of the sample. 


Numbers in parentheses are sample size. 
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oe HAL ASJA AYA dat FINS SANS daat BE YO] 3.0-3.7e] 
x, HA dat 15429409] 77] Bole] VE BY 7.9-12.89]»], Ad] Aa YE 
AY SAT, aay FYYA SALHAP7] Jo] ve Fig2A Be VA xe] a 
abe] Yao gs BYE ai SAD 4NA FAS BF FAC] PART ay, MITAL 
aaa] Ziele] AYE YA] $A] daan, xm FA SALA Wl FHS AG 
NAGA gas xb dach 

Pungitius sinensis} P. kaibarae ssp. ` ASAA NEY NGO] op uds BE 
2 P.sinensis& sa, 2 YR) dodo] YS JAA ZB P. kaibarae ow 4 
sto] oO] S NFA Bo] SQA) see BA ALYANA "zz, dza, FEET, A 
xp 145 atte] dat TALE] 7] den AXE], 9 ay) Sol debe] AXE. 
aa zaag., Table 3094 HE HY LO] P. sinensis SALAMA Bert € 
Alo} HAH] zbzb 8.5, 8.878319] lst P. kaibarae ssp) "JS, 44, BHAI 
HATE 42 7.7, 8.1, 8022 #2] 3be]zb 3)1Í(P «0.00)), AZIPA AYAT P. 
sinensis 24332) BPF 33.2, 34.42 P. kaibarae ssp. 3442) Basel 32.1, 32.4, 
32.794 = AN FRM xbo]zb US(P<O0.OVS YF FT NAT, UA ALA QAAE LY 
Je FLY 0 AHAS LA P sinensis7} P. kaibarae ssp. Hr NAG YA) HY AY 
AYATYE Hay Ss 7 oid ols Ge APS apnd pne 
9| do] YAS Hep (Fig. 3), Fu PAA spo] Ss Bole ALE P sinensis cl 


Table 3. Comparison of some meristic characters in two species of genus Pungitius collected in 1988 and 1989. Data 


show mean + SD with range in parentheses. 


P. sinensis P. kaibarae ssp. 
Meristic character Okgae Chechon Kangrung Yongchon Kansong 
black form white form 
(n 2 50) (nz17) (n=40) (n=30) (n=50) (n= 20) 
No. of spine ray of 8.7+0.5 8.5+0.6 7.7204 8.0+0.4 8.1+0.4 7.90.4 
dorsal fin (8-9) (8-10) (6-9) (7-9) (7-9) (7-9) 
No. of soft ray of 11.0+0.5 10.8+0.6 10.4+0.7 10.6 +0.6 10.5+0.5 10.3+0.5 
dorsal fin (10-12) (10-12) (9-12) (10-12) (10-12) (10-11) 
No. of soft ray of 1.7+0.5 1.2+08 1.8+0.5 1.8+0.4 1.8+0.4 1.8+0.4 
ventral fin (1-2) (1-2) (1-2) (1-2) (1-2) (1-2) 
No. of soft ray of 10.0+0.5 9.6+0.6 9.5+0.7 9.3+0.5 9.4+0.5 9.5+0.5 
anal fin (9-11) (9-11) (8-11) (8-10) (8-11) (9-10) 
No. of scute 33.4+0.6 33.1+0.9 32.1+0.6 33.1 +0.9 32.1 +0.6 32.1 +0.4 
(32-34) (32-35) (31-33) (31-35) (31-34) (31-34) 
No. of gill raker 119411 12.3+1.0 11.4+1.1 10.5+0.7 11.2+0.8 11.5+0.7 
(10-14) (11-14) (9-13) (9-11) (10-13) (10-12) 
No. of vertebrae 34.4 £ 0.5 33.241.5 32.7 x0.6 32.4+0.6 32.1+0.7 32.7+0.7 


(34-35) (28-35) (32-33) (31-33) (31-33) (32-33) 
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Standard length/Anal spine length 
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
ERA aaa RE EE KA a Kaarte) PER aaa aa | 


Kangrung — ——ss 000000088. 


Yongchon — — — 
Kansong (black) € 
Kansong (white) —— — — — 

Okgae az. 
Chechon Sse at CIA 


Standard length/Dorsal 1st spine length 
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
TY CHU YU Q ee Sees ee 


Kagrung — 5 5 5 5 5 5 5835 "Sasa 
Yongchon — m 
Kansong (black) mÁ IMM 
Kansong {white) —-... —ss — — — — 
Okgae — ——R—— ————— 
Chechon a 
Standard length/Body depth 
4 5 6 7 8 9 


Kangrung ————— 
Yongchon men —— 


Kansong (black) a 

Kansong (white) -mim—— 

Okage == 

Chechon C 


Fig. 3. Comparisons of morphometric characters of 6 populations in the two species of the genus Pungitius in Korea. 
Solid rectangles mean P. kaibarae ssp. and open rectangles, P. sinensis. In each samples, the vertical bars in- 


dicate mean of sample; the rectangles, 1 SD on each side of the mean; and the horizontal bars, range of sample. 


ALAM AZT PABA AARO] 1.200] z, SARH] 1.7HZ AAZ PH H 
(P0.05) FEHAT 244+ P. kaibarae cd VI OAS Saa] 7] ZF 
a NO] YET AYY puo; Youd UH BRYA P. sinensis NA NG BS HI 
YS YEA e| AYA, ARAA TES 7A MAG 24 (black form)elek six, 
ING usps] NE NA MAE NY (white form) ez sd AF Asada 
& Era FA 4}, Table 33} Fig.3e]a] Bis sho} zte] Sais xpe]i- aal 79] uas 
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2. eel 
Gasterosteus aculeatus) ZYF YARI] HAL oz metacentrice] 67, sub- 
metacentric?] 671, subtelo-acrocentric®] 30424 2Ne] 42e]: arm number 542 4⁄4 
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Fig. 4. Metaphase plate and karyotype of Gasterosteus aculeatus (A). Pungitius sinensis (Okgae, B), and P. kaibarae 
ssp. (Kansong, C). Bar indicates 5 um. 
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Table 4. Karyotypes of the family Gasterosteidae from Korea 


Species and No. of No. of cells E Se 
Localities specimens observed m Pm ON 
Gasterosteus aculeatus 

Yangsan(Joachon R.) 59:26 61 42 6M+6SM+30ST-A 54 

Kwangyang(Somiin R.) 29:16 27 42 6M +6SM + 30ST-A 54 
Pungitius sinensis 

Chechon(Uirim Resevior) 39:16 28 42 4M+4SM+34ST-A 50 

Okgae(Jusoochon R.) 29:36 47 42 4M +4SM + 34ST-A 50 
Pungitius kaibarae ssp. 

Kansong(Bukchon R.) 29:66 58 42 4M + 4SM + 34ST-A 50 


*M-SM-ST-A: Metacentric- submetacentric- subtelocentric : acrocentric chromosome. 


** AN: Arm number, 


eu zapape]le] 2 Selz HATH(Table 4 ; Fig. 4). = HAH LAA Pungitius sinensis 
3. 249 P.haibarae ssp.9] 9| 8:4] si 34] 4+ 24 metacentrics 471, submetacentrics 4 
7°] 2, subtelo-acrocentrics?] 3474, 2N°] 42°]4, arm numbers 5022 44] Sh] a 
at SS MALA FE Salz HAN Pungitius "SS BF 33932] NDF = 
subtelo-acrocentric chromosome®] UAA F5 AT (Table 4 ; Fig. 4). 


G. aculeatus= NG ARPE 30—357499] AHJ (trachurus) 3 3-7HA da 
Lui NATI 9—307809! gas (semiarmatus2E THY Hed, JAG JAS a 
e| AJAHAN Yeo} AGYLE KATAY 9g ATE] RJAL BEH 
T (Hagen, 1967 ; Miller and Hubbs, 1969; Hagen and McPhail, 1970; Hagen and Moodie, 
1982), PIK G. aculeatus= ABA uWe]zb BA AYA Set opda, "Sol dAetz X 
de] x NFA FAT] Hr KAL TIE Ase TALATA 97.33 
3] P47 F1 (Hagen and Gilbertson, 1972; Moodie and Reimchen, 1976), Enos lakes] 4] — 
ES NG PA xp $e] AL AAE AY, 71FALHTA YY e| Wo i al 
TA HAY el TAG AAAS SAEZ HA o] Ss 434 (species complex) 9- €. 
59T (Baumgartner et al., 1988), HA $1£Reja]i ER 49 Bde aas CG 
aculeatus aculeatus} HA, AFA Ase NAG HAS G. aculeatus microcephalus €. TA 
sob GEH, 1933), HE Mori(1987a, bz UH FF PYAAR SAGE RBA 
2} zial Bolo] data oS Ade LFS GS Fo] gë YATA SI] NY 
AGE BUHAY, "alt PAN G. aculeatusxe GEAR AoA Ko] AZART, d 
ae, AFET RP dza Faso) AKA NAN BHALS AHA SE BS 
S Nob PG E Za INAY BS G. aculeatus 2A (trachurus)] a ss}act, 
ays QAJ BUY BE ENAYT HAYY YB go] YA] GE PLB HO Zuel 
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Ap SZA Eu uci YENG 
7A] 3:7] & (Pungitius) AF-S G. aculealus a gdalzt ueste] miele 717k 7- 
12242 dag Ye ANY TE 34789] q1xbo.x sas] GA ATO] Mea, NGA 
HQ HA Xx] NF2E P. pungitius} P. platygaster &. BRAD, © P. pungilius& 
P. p. leavis, P. p. tymensis YA P. p. sinensis?) 3944232 x: 8191 9-4 (Wooton, 1976), 3i 
BYE o] HFS 3 ANA SYM zog BFS stach, 1933). LAF sul 
^:(1984)-&- JM P. tymensist: SYR $9.4 SAS solu" P. pungitius} P. 
sinensis AS NET e| Betcha HAT, 101982) HE AEPEHRJ; 9] P. pungitius 
9L P. sinens) FLY uela kaal wf WER YEE BAG oi Ad. aa 
HI (1915) DEL KE” KHAN AYA BRE TALE] NEO] FAIL 
SALAH AARAA AAE P. sinensis) LA Bc ot al BUS Pungitius 
pungitius kaibarae?) o9. deis IE ANY EEE o) of} Sole} HU a +H 
(19772 ztzbA]axt7] P. p. kaibarae LAA HAH ANA Eabb» HAT, HI 
(1987)-&- #714117] P. sinensis kaibarae7k #242} SAt ee] HAI HG AA) 
JE FA Ups obo x THA daat ANG KAL HAT Gianni et 
At zbApmt7] P. sinensis] BALYAY P. s. kaibaraece P. s. sinensis} 9] 4 9. E 
Esta al 2 4] Fz] 4 Ae] abe]zkb USS DAZ HA of $e] AA HAY. E 
HYE XAR P sinens À AF AIRAL Table 3k Fig. 3e] det spe Xe] Sa 
o] Bad PE ALT x Re] YAYA d DAHAN iN GH, 1976 ; 25,1988), GAL 
ejw]zLA] fa] AYALA A P. kaibarae ssp.) RAS Fig 104 BE BA xe] Be 
Sol] asst £9 P. sinensis YG SE A4 (allopatric) zs £8 sb» NY, 
FT UG] AB DAA BES az NAY, Mayr (196994 VAI S d e] 
FRETS FA] UGE SUSHI] kla ojd Ee] AY Rp 2a 
d HY za AHAY AG YA Bo] o] F Re NEY YA loda SAL 
ele] "Lais, FEET R daas AY AG geg BoB Wat Œ $k (1988) 7} 
Bae BY Go] F BALA PARLE APE ANY TUTYN Bole AF 
Rage 2H HSA P. kaibarae& BE Al naag Ja Ay daga 
kaibarac? AGE X- EY P. sinensis2| az SZ BA xe] SAFI 7A Se] Zoll 
NAY HY we) Seka} (Fig. 3), Hb (1982)°l ae] 2S kaibarae HAY YEY P. 
kaibarae EL) glaad olny AG vps} Zo] OHA KELL YR HR] jajo d 
Ho] smarta SALE] 7747k BA, PN EYA az S5 Mol GA 
22 YE] wg Eo] FF YALE PAB HO] HAAY Maso 2 ALAY ta 
Ato] AUS YALE P. kaibarae senz Aaa. LT ag Hare] Ae YA m 
a of jek gelu, PE umb ome] dat aiaadig REY NAA ol KYAY, 
4h31 P. kaibarae ssp.9] abd d «eli TALE1P] 7NA "xus Ago AA 
(black form) 4 Ad (white forme] & «seid e] FAN BA HERA NAAE 
AS xbe]zb Mia (Table 3; Fig. 3), 7724© P. sinensis d F Bsr] Yar Y 
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kaibarae sep. al A Malz vf AS Hols} AHH Ao] epdzb NEHA SAA THI 
ued 7592 NG €. 

G. aculeatus, P. sinensis  P. kaibarae ssp. 33] AYAFE BF 2N42YE SUA 
9.4, BAA Fo NAY G. aculeatus= metacentric?t submetacentric chromosomee] z} 
zt 674 old] alata P. sinensis2 P. kaibarae ssp. F9] zz 4784" AY AS PA 
HAT : oag dz Chen and Reisman(1970)°] Sebel] B74) 27a NGA 
ay Zap A) BILI G. aculeatus A 93244 psp A YAGIT Ppungitius AA 
ATA AZ AT X Z4 P. pungitius metacentrico] 1674, submetacentric 
chromosomee] 124, acrocentricso] 14221 9ja4pa]4-i- Gala arm number7t 70014, 
IA Pungitius NFA BYE Ads] GE FAS Lq ALH, YE P. pungitius 
complex$] @ 42444 (Muramoto et aL, 1969)9H: däi se] NAYE x 
exse] SCS FEE Ef ds FEES oe] AG wg HE St 
SEN 

Hit (1982) ai Ci HE ALE HAB P. pungitius% sinensisH JAAA x 
at Zad 247 SS JA co] Add ASS] SAA AddAS dë YEE HY 
MP NFA apa 3-93 Takada et al. (1987 a, b) x JIR8e P. tymensisz P 
sinensis} P. pungitius AY Sais SLBA SAS aq gey P. sinensis P. 
pungitius 189 GRAY AYY PEZ $ d als #039 TEO AT HA 
x, Niwa(1987)x INAY] J} JAF NEY aas P. tymensis= P. sinensis} 
P. pungilius?) 22: NNALE AHA P. sinensis P. pungitiuss FAR NYA 
ue) 7592 NAH al 282 Berg(1949) 7} o]»] KAG HA LO] ERAL TEN 
o], ato] ERY HAO] F3 Phpungitius, P. sinensis, R P. kaibarae ssp. NEA ZA 
Ho dai PIYA BAZ co] So] YA NAGA Aa FA qe BUO ZA AE & 
AT, 

G. aculeatus Satz 35°NSt TON Abe]e] AG PEA) obo Bela ss] ALA NA 
HEPA eres HONO 1976), X ENAY al 49 BES AAC] Sau da, 
JA V HO] PAL 34.495N FEJA al AGO] FA HATE] NAY sw 
e] 4AT Sc n sinensisz WEH SIAR] PALI HA, ES dos 
KIN XA AY] JOAQY wee] FE NYA, «uei FH ALY edel os 
de] AF] TEH] o] x] AAAA Heeb] UNA P. sinensis A33 x 9] HO] 
sich 144 AY P. sinensisz ABEL] dai AE] Boe KAHANGA NYA 
aas gäe BSA NA YAYA HA Hypomesus olidus7t AB UA GRA, 
1928), LX] HASA P. sinensis FAA JAA F o] KA ASAA o] Ro AA SS 
Bde aden aed, P. kaibarae = da WMS KEJA TAHALY ac 
Yeo Ao] HANS YAYAIN Sele} Fal eate] HY edel HINA AZ 
X Alsat AY al AUS S 8g 9. 9 AFG od RR AG, LL ALY Bola + 
7} NAFO HAY P. kaibarae ssp. RAS UE] NAG FEU NGA? Sais 3 
adr GILA NGA Saaz NAY JARA AASE P. kaibarae ssp. HAA 977 
AI] Ys Fares] NFA PYAAR S529 e] HA HYE zz BE 
H x7 BBR Ch, 
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YY adta graad NY 27] 27] 4 (Gasterosteidae) al S a wb 
EES 1988 3313-58] 19894 6974] data JEA JAAA SS 
AAA data HEAT, E77) Gasterosteus aculeatus 6A EYA 

x DM Urs 2 ade tegen uui ep $ 
Jek YASS AAA] wage AYA stat G. aculeatus) a 
T, MAT, J54) "za gs AFIL, FA, 4a a GAL 
0]7 N29 aq 2a] aA FAS Ao] 7+ Bach, 7-4] 327] Pungitius 
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sinensis} 4714] 307] P. kaibarae ssp. YAS] AFNAFGL KE 31-357] 2] at 
BZ UW, SALW) ET, SET WodxumEs AY 2zaábe] 
HAT, 7A] 27) P. kaibarae ssp.9] AGE SALA] za 
e| GAYS A FE (white form) el] earn JAZ 59] dasz a 
25 AH Hole} TXT, o] 2&9] dap] FE BF N4224 alg 


G. aculeatus Z-S metacentrics9] 678, submetacentrics?] 678 subtelo- 
acrocentrics?] 30749] x, P. sinensis} P. kaibarae ssp. #7 metacentricse] 
471, submetacentrics°] 47] subtelo-acrocentricse] 3478 & 24 o] AS 
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